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Epidermal Growth Factor (EGF) is an important regulator of normal epithelial and carcinoma cell mi-
gration. The mechanism by which EGF induces cell migration is not fully understood. A recent report
in Nature Cell Biology (Katz et al., 2007) demonstrates that EGF regulates migration through a switch
in the expression of two tensin isoforms, weakening the association of b1 integrin with the actin
cytoskeleton in focal adhesions.Invasion of cancer cells from the pri-
mary tumor site into the surrounding
tissue is one of the first steps leading
to metastasis. Invasion is dependent
on the ability of cancer cells to pene-
trate the extracellular matrix surround-
ing the tumor and to migrate outside
their niches in order to reach the blood
stream or the lymphatic vessels. A
wide array of molecular and pheno-
typic changes underlies the acquisi-
tion of an invasive phenotype. Many
of these changes have a direct effect
on cell migration, which is fundamental
to the process of invasion (Condeelis
et al., 2005).
Cancer cell migration and invasion
are regulated by actin dynamics, cell-
matrix adhesion, matrix degradation,
cell-cell adhesion, and cell-cell com-
munication (Friedl, 2004; Sahai, 2005).
In a recent report, Yarden and co-
workers identified an interesting
switch in the expression of tensin iso-
forms, controlled at the transcriptional
level, which facilitates EGF-induced
migration (Katz et al., 2007). Interest-
ingly, expression of the induced iso-
form, cten (TNS4), correlates with
high tumor grade and metastasis to
lymph nodes, suggesting that cten
may contribute to invasive behavior.
Elevated cten expression was also
previously correlated with thymoma
and lung cancer progression (Sasaki
et al., 2003a, 2003b); however the
mechanism by which cten promotes
tumorigenesis remained elusive.
Tensins are a family of proteins that
are localized to integrin-linked focal
adhesions. Four members have been
identified: tensin, tensin 2, tensin 3,
and cten (Lo, 2004). All isoforms con-tain a phosphotyrosine-binding do-
main (PTB) that allows them to interact
with the cytoplasmic tail of b integrin.
Tensin, tensin 2, and tensin 3 also in-
teract with actin at multiple sites in
their N-terminal region, hence linking
the actin cytoskeleton to b integrin
(Lo, 2004). In contrast, cten lacks the
N-terminal region, which prevents
a direct interaction with actin.
Katz et al. were first alerted to a
potential role for cten in migration by
microarray analysis of EGF-regulated
genes in HeLa cells. They found that
tensin 3 is significantly downregu-
lated, whereas cten is upregulated in
response to EGF. This reciprocal regu-
lation was also found in mammary
epithelial cells (MCF10A). Interestingly,
the regulation of these tensins by EGF
was concomitant with the dissolution
of stress fibers, a decrease in focal ad-
hesions, and scattering of the cells—
phenotypic changes that correlated
with increased migration. Induction of
cten was also dependent on the Erk/
MAPK pathway, which has been previ-
ously shown to play a central role in
EGF-induced mammary epithelial cell
migration (Irie et al., 2005). The in-
volvement of the tensin switch in mi-
gration was further confirmed by ge-
netic manipulation of cten and tensin
3. Knock down of cten expression
suppressed migration, whereas the
depletion of tensin 3 enhanced mi-
gration, even in the absence of EGF.
These results provide evidence that
tensin 3 and cten act antagonistically
to control migration.
Cten and tensin 3 control the migra-
tory phenotype by direct interaction
with integrins. In a resting nonmotileDevelopmental Cell 13, Sstate, tensin 3 mediates the stabiliza-
tion of focal adhesions through linking
the actin cytoskeleton to the cytoplas-
mic tail of b1 integrin (Figure 1). Upon
EGF stimulation, cten competes with
tensin 3 for thebinding siteonb1.Since
cten lacks theN-terminal actin-binding
domain and also competitively inter-
feres with other actin binding proteins
that are able to bind b1, this interaction
significantly reduces b1 coupling to the
actin cytoskeleton, thus weakening
adhesion and increasing migratory
activity (Figure 1).
To link their findings with cancer
progression in vivo, the authors exam-
ined cten protein expression in inva-
sive breast tumors. cten expression
correlated with EGFR and HER2/
ErbB2 expression and, interestingly,
was suppressed by treatment with an
EGFR kinase inhibitor in a subset of
patients. This provides evidence for
EGF-dependent regulation of cten ex-
pression in vivo and raises the possi-
bility that cten could serve as a marker
for EGFR/HER2 expression.
The identification of a tensin isoform
switch that leads to disruption of actin
stress fibers raises several interesting
questions regarding how matrix adhe-
sion regulates cell migration. One
question relates to the issue of how
the reduction in b1 linkage to actin
caused by the tensin switch enhances
migration, given the importance of the
actin linkages for adhesion strength-
ening at the leading edge and the
contractile pull on focal adhesions to
provide traction for force generation.
Classic experiments have provided
evidence that migration speed is pro-
portional to adhesion strength only toeptember 2007 ª2007 Elsevier Inc. 317
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adhesion is actually inhibitory to
movement. These studies led to the
proposal that the highest rate of migra-
tion is attained at intermediate levels of
adhesion (DiMilla et al., 1993). Recent
studies have revealed more complex
interdependencies and shown that
migration speed is also influenced by
other dynamic interactions that regu-
late myosin contraction, focal adhe-
sion strength, and actin dynamics
(Gupton and Waterman-Storer, 2006).
Furthermore, perturbation in one of
these interactions could be compen-
sated for by a change in another.
Therefore, a weakening in focal adhe-
sion strength caused by the EGF-
induced tensin switch, when coupled
with aweakening in the contractile net-
work, could lead to optimal migration
and cell scattering. The tensin-switch
consequently could be an important
factor in modulating both adhesion
and contraction concomitantly to opti-
mize conditions for migration. While
cten weakens adhesion by breaking
the tensin-link between the actin cyto-
skeleton and b1 integrin, other focal
adhesion-associated adaptor proteins
like talin, vinculin, and a-actinin could
couple actin to b1 integrin, to the ex-
tent to which they are not outcom-
peted by cten binding. Adhesive inter-
actions important for migration could
also involve integrins other than b1,
e.g., b8 integrin, which the authors
show is important for optimal migra-
tion, but they do not examine its inter-
action with cten.
Another question relates to whether
the tensin isoform switch affects the
mode of migration. Although this was
not investigated in the Katz et al.
study, the EGF-induced phenotypic
changes marked by weakened adhe-
sion, decreased stress fibers, and
loss of cell-cell adhesion could lead
to an amoeboid fashion of movement,
which is characteristic of the migration
Figure 1. Model for Alterations in Migration Induced by Tension Isoform Switch
(A and B, left panels) In stationaryMCF-10A cells, tensin and other adaptor proteins link b1 integrin
to actin microfilament bundles (stress fibers) to form focal adhesions.
(A and B, right panels) Tensin-switch induced by EGF causes the dissolution of stress fibers, a
decrease in focal adhesions, and scattering of MCF10A cells. Cten competes with tensin 3 and
other proteins for the binding to b1 integrin tail, uncoupling actin microfilaments from a large
percentage of b1.318 Developmental Cell 13, September 2007 ª2007 Elsevier Inc.phenotype adopted by some cancer
cells in vivo (Condeelis et al., 2005).
Cancer cells disseminate from the
primary tumor by adopting different
strategies: they either move as single
cells following a mesenchymal or an
amoeboid mode of migration, or as
cell sheets using collective migration
(Friedl, 2004). In brief, amoeboid mi-
gration is characterized by a simple
polarized shape, dynamic pseudopod
protrusion, and rapid, weakly adhesive
crawling (Friedl, 2004). Changes in
cell-matrix adhesion during the switch
to an amoeboid phenotype are not
well characterized. The tensin-switch
described in this study could represent
an important mechanism by which
cells weaken adhesion during a tran-
sition to amoeboid movement. This
would present cten as a potential new
marker for amoeboid transition, which
is predominant in invasive tumors.
Several pressing questions remain
unanswered: what transcriptional pro-
grams regulate the tensin switch in
response to EGF? How do other EGF-
induced genes contribute to transition
to a migratory state? Could the same
factors that induce EMT (such as
Snail) be involved in regulating this tran-
sition? Furthermore, the Katz et al.
report indicates that ErbB receptors
induce cten expression and suggest
that it might serve as a prognostic
marker for the responsiveness to EGF
receptor family inhibitors; however,
further studies are required to evaluate
whether other factors lead to a similar
tensin isoform switch.
In summary, this work raises inter-
esting questions about the involve-
ment of cten in changing the migratory
behavior of normal and tumor cells
in response to EGF. The described
switch in tensin isoform expression
could contribute significantly to tumor
cell invasive activity.
REFERENCES
Condeelis, J., Singer, R.H., and Segall, J.E.
(2005). Annu. Rev. Cell Dev. Biol. 21, 695–718.
DiMilla, P.A., Stone, J.A., Quinn, J.A., Albelda,
S.M., and Lauffenburger, D.A. (1993). J. Cell
Biol. 122, 729–737.
Friedl,P. (2004).Curr.Opin.Cell Biol.16, 14–23.
Gupton, S.L., and Waterman-Storer, C.M.
(2006). Cell 125, 1361–1374.
Developmental Cell
PreviewsIrie, H.Y., Pearline, R.V., Grueneberg, D., Hsia,
M., Ravichandran, P., Kothari, N., Natesan, S.,
andBrugge, J.S. (2005). J. Cell Biol. 171, 1023–
1034.
Katz, M., Amit, I., Citri, A., Shay, T., Carvalho,
S., Lavi, S., Milanezi, F., Lyass, L., Amariglio,Centrioles Want
and Make Cilia
Chad G. Pearson,1,* Brady P. Culver
1MCD Biology, University of Colorado, Bo
2UCL Institute of Child Health, 30 Guilford
*Correspondence: chad.pearson@colorad
DOI 10.1016/j.devcel.2007.08.007
Cilia formation in mammalian cel
transition from their cytoplasmic
ated cells. Several recent studie
and their transformation to basal
Motile cilia, as in multiciliated epithelial
cells, and immotile primary cilia with
sensory function comprise the two
general classes of cilia in
mammalian cells. The criti-
cal nature of cilia formation
is becoming increasingly
apparent with the identifica-
tion of a number of ciliary-
based diseases exhibiting a
pleiotropic array of patholo-
gies (Badano et al., 2006).
The diseases associated
with defective ciliary func-
tion include polycystic kid-
ney disease (PKD), Bardet-
Biedl Syndrome (BBS),
Jeune asphyxiating thoracic
dystrophy, and Meckel-
Gruber syndrome. Beyond
the connection to human
diseases, there are many
outstanding fundamental
questions regarding cilia
formation and function. Par-
ticularly interesting is the
poorly understood conver-
sion cells undergo from
unciliated to ciliated. Cilia
formation studies have
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primarily focused on the molecular
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either derived from centrioles that
or that form en masse in multicili-
ks between centriole duplication
rectional transport of proteins within
cilia. This process is essential for cilio-
genesis and is evident in the observa-
tion that IFT genes are
mutated in human ciliary
disease (Beales et al.,
2007). Furthermore, IFT is
necessary for transporting
signaling molecules in cilia
that are likely responsible
for transmitting both me-
chanical and chemical sig-
nals from the surrounding
cellular environment. In ad-
dition, intracellular trans-
port of membranes to grow-
ing cilia is essential for
ciliary biogenesis. This pro-
cess is carried out, in part,
by a subset of conserved
BBS proteins (Nachury
et al., 2007). While each of
the above events is crucial
for ciliogenesis, the cellular
cues initiating ciliary forma-
tion are likely coming from
the organelle at the base of
the cilia, the basal body.
Centrosomes are micro-
tubule-organizing centers
ogenesis
e transition
ovementof
gulated by
ion prior to
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